Background: In 2014, the state of Maryland (MD) moved away from fee-for-service payments and into a global
O ver the past decade, there has been an increased focus on lowering health care costs in the United States, which are the highest per capita in the world at $9,507 per person in 2015. 1 A mechanism of cost containment is payment reform, most commonly described as moving away from fee-for-service to alternative payment models (APMs)-such as accountable care organizations, bundled payments, and capitation. APMs are supported through the Patient Protection and Affordable Care Act of 2010 (ACA) as well as the Medicare Access and CHIP Reauthorization Act (MACRA) of 2015, which both encourage experimentation with APMs at the federal and state level and allow the Center for Medicare and Medicaid Innovation (CMMI) to reform payments in federal programs without entering the partisan Congressional rulemaking process. [2] [3] [4] Maryland (MD) has been engaged in state-level payment experiments for the past four decades with an all-payer model (i.e., set health care prices regardless of insurer), which was first implemented in 1977. In 2010, MD initiated a pilot program called Total Patient Revenue (TPR) in 10 rural hospitals where they were required to meet specific revenue targets. 5 As of January 2014, this model was spread across the remainder of MD hospitals in what is called the global budget revenue (GBR) program. 6 The GBR program has been stated to be MD's reform effort to achieve the elusive triple aim of health care: reduce per-capita costs, enhance quality and patient experiences, and improve population health. [7] [8] [9] The concept of the GBR model is that hospitals receive a fixed annual payment with revenue tied to quality metrics to manage the hospital care for a population. Annual global budgets are based on past and projected utilization and revenue that take into account hospital market share within a defined service area. In the model, if gross revenue charged exceeds the annual budget more than 0.5%, the surplus amount is deducted from the hospital's budget the subsequent year. If the hospital collects less than 0.5% of the target revenue, the global budget is adjusted down in future years. This creates a strong incentive to meet target revenue. This incentive differs from the fee-for-service payment model where incentives are to increase patient volume to optimize revenue, particularly when prices per unit of service are fixed in an all-payer model. 10 In addition, the GBR model adjusts hospital revenue according to performance in three quality measures: hospital readmissions, hospital acquired conditions, and potentially avoidable admissions. 6 These pay-for-performance metrics within GBR treat observation and inpatient stays equally in its measurement of potentially avoidable utilization to dissuade shunts toward observation to improve performance, as has been seen with other value-based care policy changes nationwide. 11 Global budgets are updated annually based on hospital cost inflation and changes in hospital volume, which take into account market share, population demographics, and proportion of volume due to potentially avoidable utilization. As of January 2017, CMMI has embarked on models similar to MD's reform in other states, including a rural GBR model in Pennsylvania and a statewide all-payer model in Vermont, both seen as having potential for progression into future statewide GBR programs. 12, 13 One of the key ways that hospitals can control costs through global budgeting models like MD is by working to prevent some admissions. Admissions originate from several sources: direct admissions, transfers, and from the emergency department (ED). Direct admissions and transfers are under the control of the hospital. ED visits, by contrast, are determined by population health needs and access to care and are not under direct control of the hospital. However, hospitals may be able to influence ED admissions when it comes to some of the admission decisions made by ED physicians. ED physicians are commonly employed by hospitals or health systems or, alternatively, by organizations with interests in maintaining a good relationship with hospitals. ED physicians are therefore collaborators with hospital leaders to develop and implement processes aimed at safely optimizing hospital admissions.
Emergency department admissions may be seen as a target for cost reduction because studies have documented twofold variation at the hospital and physician level when it comes to admission decisions. 14, 15 In addition, EDs have evolved as the primary gatekeeper for hospital admissions in the United States, and ED admissions account for 8.3% of U.S. health care costs. 16, 17 While many ED admissions are clear-cut (i.e., the critically ill) and many low-acuity ED visits clearly do not require admission (i.e., sprains and strains, tooth pain, minor trauma), between 31% and 57% of ED visits are intermediate-complex visits where some physicians and hospitals may admit and others may discharge, depending on the culture of the hospital, the resources of the patient, and the resources of the community. 18 A recent study by Pimentel et al.
examined the combined effect of GBR and the ACA's insurance coverage expansion on ED admission rates in MD and demonstrated a 1.9% decline in ED admissions during the first 2 years of the GBR program. A report by CMMI has also demonstrated findings of a decline in inpatient admissions by 1.5 admissions per 1,000 Medicare beneficiaries with exposure to the GBR model during its first 2 years of implementation. 20 Yet, to our knowledge, no studies have directly examined ED admission trends among all payers with a comparison group or specifically assessed the types of ED encounters being discharged at higher rates after global budgeting.
In this study, we examined the impact of global budgeting on risk-adjusted ED admission rates, including inpatient and observation stays, in four MD hospitals and two District of Columbia (DC) hospitals within the same health system.
METHODS
We conducted a retrospective cross-sectional analysis using data from the MedStar Health Infomart database, which collects medical record and billing data on clinical encounters at its hospitals. This study's data set encompasses a 5-year period, January 1, 2011, through December 31, 2015, and is composed of deidentified encounter-level data for hospital-based ED and inpatient encounters. Infomart data were supplemented with data on community characteristics derived from the county-level Area Health Resources Files (AHRF), which is publicly available and managed by the Health Resources and Services Administration. 21 AHRF data were linked to the study's data set using the zip codes of patients' residence. The institutional review board at the MedStar Health Research Institute determined the study was not human subjects' research.
Selection of Clinical Encounters
This study included adult ED encounters, ages ≥ 18 years, taking place at six hospitals within the same health system, four in MD and two in DC, which are all not for profit. The MD hospitals in this study, with each adopting the GBR model effective January 1, 2014, were uniquely exposed to GBR's payment reforms and health care delivery interventions that arose in response to GBR's incentives, such as care plans in the health information exchange for high utilizers. These care plans heavily targeted MD Medicare patients with high hospital resource use in support of meeting the CMS metrics required of the GBR model. The ED providers at the MD and DC hospitals included in the study all pertain to the same staffing group, with some ED providers working for both MD and DC sites. We excluded psychiatric encounters from the study because the decision to admit to the psychiatric unit is often driven by the psychiatrist rather than the ED provider. Psychiatric encounters were identified using the Clinical Classification Software (CCS) diagnosis that represents the first diagnosis of the encounter (n = 37,944). 22, 23 ED encounters that resulted in the patient expiring, eloping, leaving against medical advice, or leaving without being seen were excluded (n = 51,240). These encounters cannot be categorized as an admission or discharge, and the decision to admit or discharge the patient is not relevant to these encounters. Also, encounters with missing data on characteristics used as covariates were excluded (n = 139,764). Additional details on the missing analysis performed are provided in Data Supplement S1, Appendix A2 (available as supporting information in the online version of this paper, which is available at http://onlinelibrary.wiley.com/doi/10. 1111/acem.13507/full). This resulted in a final study sample of 1,492,953 adult ED encounters, which exceeds the sample size determined a priori for adequate power in the study.
The disposition of ED encounters was categorized as a discharge, admission (i.e., admission), or transfer to another acute care hospital. ED admissions were defined in this study to include both inpatient and observation stays. Inpatient and observation classifications were based on the ED provider's disposition at the time of hospital admission. Observation admissions are alternatives to an inpatient hospital stay for patients whose medical evaluation and treatment are not expected to exceed 48 hours. 24 Transfers included ED encounters that were transferred to another acute care hospital for admission.
To further examine admission trends by level of acuity, admissions were categorized using the APR-DRG severity of illness (SOI) and risk of mortality (ROM) scores of the encounter which have been well validated to correlate with SOI and the ROM of clinical encounters, respectively. [25] [26] [27] [28] APR-DRG SOI and ROM scores are based on principal and secondary diagnoses and procedures (if applicable) of each encounter and derived from billing data submitted by the hospitals upon patient discharge after chart data extraction by professional coders. APR-DRG SOI and ROM scores were available on the encounter level in the Infomart data set and categorized as mild, moderate, major, or extreme. 29 
Outcomes
The main outcome measure for this study is the ED admission rate defined as admissions (inpatient + observation) in the numerator and all ED encounters in the denominator. Patient, hospital, and community factors previously identified as having an association with risk of admission, as well as the clinical condition of the encounter to account for case mix, were included in this study to determine risk-adjusted ED admission rates. 14, 15, 30 Patient factors included age (continuous), sex (male, female), race/ethnicity (white non-Hispanic, African American, Hispanic/Latino, Asian/Pacific Islander, other), insurance status (privately insured, Medicaid, Medicare, other government insurance, self-pay), and method of ED arrival (emergency medical services [EMS], non-EMS). For insurance status, insurance was based on the primary payer used for billing of the clinical encounter. Hospital factors included annual ED volume (<50,000, 50,000-74,999, ≥75,000) and trauma level (I or II-V). Community factors, which are representative of patients' residence, included per-capita income (continuous), primary care provider-to-population ratio (<0.05%, 0.05%-0.07%, 0.08%-0.10%, >0.10%), and urban residency based on the U.S. Department of Agriculture's rural-urban continuum code (yes, no). 31 The clinical condition of the encounter was based on the clinical classification software (CCS) diagnosis, which represents the first ICD-9-CM or ICD-10-CM diagnosis code for the encounter. 22 ,23 ICD-10-CM code utilization started in October 1, 2015, which was preceded by ICD-9-CM codes. CCS groups diagnosis codes into 285 clinically meaningful categories and maps both ICD-9-CM and ICD-10-CM to the diagnostic categories.
Data Analysis
We first examined the descriptive characteristics of all ED encounters within the study population and determined differences between MD and DC using chisquare and t-test analyses clustered on the patient level. We then determined the independent odds of ED admission for each patient, hospital, and community factor using univariate logistic regression to determine their association with risk of ED admission and confirm the value of their inclusion as covariates in the study. We conducted a time series analysis of adjusted ED admission rates for MD (GBR) and DC (non-GBR) hospitals by month-year and determined the impact of the GBR model on ED admission rates using difference-in-differences models. Difference-in-differences analysis is a statistical technique used to measure outcomes with a policy change that uses longitudinal data to estimate the effects of a policy by comparing changes in outcomes over time between sites that are subject to the policy and those that are not. 32 To determine adjusted ED admission rates, we specified hospital fixed-effect regression models with standard errors clustered on the hospital level, including adjustment for clinical condition and patient, hospital, and community factors and using hospital and year fixed effects. The regression models were built using a purposeful selection approach with a top-down strategy for inclusion of covariates, and diagnostic checks were performed prior to modeling to confirm linearity in the logit for continuous covariates and absence of significant multicollinearity (variance inflation factor range = 1.01-3.29). The root mean squared error was used to assess model performance. Adjusted ED admission rates were specified for MD and DC hospitals by month-year from January 2011 to December 2015 to examine temporal trends. To determine the impact of the GBR model on ED admission rates, we conducted difference-in-differences analyses comparing GBR hospitals in MD with non-GBR hospitals in DC. This difference-in-differences comparison is important since the ACA's insurance coverage expansion, through health insurance exchanges and Medicaid, was implemented in MD at the same time as GBR. DC had the same implementation of ACA health insurance exchanges and the Medicaid expansion, but without exposure to the GBR model. We also conducted difference-in-differences analyses by types of admission: inpatient stays, observation stays, and transfers to another hospital. The type 1 error rate, i.e., significance level, was defined as p-value < 0.05 for all statistical analyses. Further details regarding the estimation methods used for the difference-in-differences and leads-and-lags analyses are provided in Data Supplement S1, Appendix A1.
To further explore the types of ED admissions being averted with exposure to GBR, we examined trends in the distribution of acuity scores among ED admissions pre (2011-2013) and post (2014-2015)
GBR implementation in MD sites. We specified hospital fixed-effect models with the same adjustments as in the preceding models to determine the pre-and post-GBR rate difference for each SOI and ROM score level. We used SAS version 9.4 (SAS Institute, Inc.) for the statistical analyses.
RESULTS

Characteristics of Study Sample
This study focused on adult clinical encounters that took place at hospital-based EDs with a study population of 1,492,953 ED encounters, 976,646 at MD hospitals, and 516,307 at DC hospitals. The mean adjusted admission rate for the study sample was 20.5% (95% CI = 20.5% to 20.6%). Descriptive characteristics of the study sample, including patient, hospital, and community factors, had statistically significant (p < 0.05) proportional differences among the categorical variables and mean differences among the continuous variables between MD and DC hospital sites. Encounters at MD hospitals were composed of patients who were older, more likely to be female, more likely to be white, and less likely to have insurance compared to DC hospitals. Additionally, the MD hospital sites had a lower annual ED volume and did not have a Level I trauma center, while the DC hospital group did have a Level I trauma center. With regard to community factors, encounters at MD hospitals were composed of patients who resided in lower per-capita income communities with a lower concentration of primary care providers for its population (Table 1) .
Each patient, hospital, and community factor had a statistically significant independent association with the odds of admission. Of note, odds of admission were greater for encounters by patients of older age, male sex, white race, and Medicare insurance, as well as for those who arrived to the ED by ambulance. Encounters seen at hospitals with a higher annual ED volume and higher trauma level had greater odds of admission. Also, encounters by patients residing in communities with a lower concentration of primary care providers or a nonurban residence had greater odds of admission (Table 2) .
Main Results
Time series analysis of risk-adjusted admission rates demonstrates a stable trend among DC encounters during the 2011 to 2015 time period. Admission rates among MD encounters maintained a parallel trend with DC encounters during 2011 to 2012, with a slight decline during the baseline year, 2013, and a significant departure from the DC trend starting in 2014 (Figure 1 ). Encounters exposed to the GBR model had a statistically significant decline in risk-adjusted ED admission rates by 1.14% (95% CI = 0.89 to 1.40), while admission rates declined by 0.04% (95% CI = -0.24 to 0.32) among DC encounters during the same time period. Difference-in-differences analysis demonstrates a 1.10% (95% CI = -1.34 to -0.86) decline in ED admission rates related to the GBR model. When examining inpatient stays only, implementation of the GBR model resulted in a decline in ED admission rates by 3.31% (95% CI = -3.54 to -3.08). However, observation stays increased under the GBR model, with a rise in admission rates by 2.66% (95% CI = 2.53 to 2.79). There was a small but statistically significant decline in transfers to outside hospitals with exposure to the GBR model (-0.02%, 95% CI = -0.04 to -0.00; Table 3 ).
The distribution of acuity scores among ED admissions changed significantly when comparing pre-(2011-2013) and post-(2014-2015) GBR periods. The proportion of SOI scores among admissions that were either mild or moderate declined after GBR implementation, with a rate difference of -1.0% (95% CI = -1.5 to -0.4) and -2.8% (95% CI = -3.7 to -0.2), respectively. Additionally, the proportion of ROM scores that were mild declined by 0.9% (95% CI = -1.7 to -0.2) after GBR implementation (Table 4) . Non-GBR 0.06 0.06 0.00 DC = District of Columbia; GBR = global budget revenue; MD = Maryland. *ED admission rates are adjusted for hospital and year fixed effects; clinical diagnosis; and patient, hospital, and community characteristics. The denominator for admission rates is all ED encounters. †Total admissions includes inpatient and observation stays, with transfers examined separately. MD encounters include encounters exposed to GBR implementation in MD hospitals. DC encounters include DC hospital encounters, which were not exposed to GBR. ‡Difference has a highly statistically significant p-value of <0.0001 §Difference has a statistically significant p-value of ≤0.05.
DISCUSSION
Our study results shed light on the early effects of the GBR model on a significant driver of costs, ED admission rates. The concept behind GBR is to introduce a fiscal incentive to meet budget targets with set growth rates that are based on population health estimates. The GBR model does not directly incentivize limiting hospital admissions per se, as hospitals stand to lose if they undershoot targets. However, there are fewer incentives to promote hospital admission than under the fee-for-service model. In addition, increasing admissions over targeted revenue results in no additional revenue. Therefore, it makes financial sense for hospitals to directly examine the indications for each admission as well as implement cost-cutting measures. Global budget revenue and other payment models have the potential to shift ED practice patterns, particularly when it comes to optimizing resource utilization and reducing hospital admissions. Studying practice pattern shifts within a single health system with physicians managed by the same group, but in different hospital settings, presents a model to study GBR. The six hospitals in this study are within the same health system but managed locally, with administrators responding to policies both at the system and at the local level. When accounting for temporal changes during the same time period and other policy changes, such as the insurance coverage expansion of the ACA, there was a decline in ED admission rates by 1.1% associated with GBR exposure within the system compared to maintaining fee for service. Importantly, rates of observation after ED care increased by 2.7% while inpatient rates fell by 3.3% over the 2-year period after GBR implementation. Although observation stays are still treated as an admission for model performance measures tracked by the Health Services Cost Review Commission (HSCRC), the GBR structure still creates incentives for observation stays that are expected to result in hospital discharge within 48 hours. 24, 33 This represents a shift in practice toward lower hospital resource utilization and lower costs, potentially helping improve margins under a global budget model where revenue is fixed. When comparing revenue used for a short observation stay versus an inpatient stay that takes less than 24 hours, an observation stay can be billed by the hour, while an inpatient stay is still billed for a full day. In addition, reported investments in case management and utilization review in response to GBR may be influencing ED provider practice patterns with inpatient versus observation decision making for their admitted patients. 34 Further study will be needed to determine whether this shift toward observation impacts quality of care, such as in hospital returns or adverse events if patients may have required more treatment and/or evaluation in the hospital prior to discharge.
Our study also demonstrates a slight, albeit statistically significant, decline in transfer rates to other hospitals by 0.02% with exposure to global budgets. Because prospective annual global budgets are recalculated according to trends in market share, there is a disincentive under the model to transfer good hospital volume, i.e., conditions that are not considered potentially avoidable as defined by Agency for Healthcare Research and Quality's prevention quality indicators and therefore reimbursed fully as appropriate hospital utilization by the HSCRC, MD's regulatory agency of its all-payer system. 35, 36 With regard to the types of admissions that are being averted with the introduction of global budgets, mild or moderate SOI declined by 3.8% with GBR and those with mild ROM declined by 0.9%. These ED encounters are likely more amenable to outpatient care as opposed to admission. For example, with improved care coordination in the ED, such as arranging outpatient follow-up appointments or studies, 34 This has also been observed in the EDs pertaining to the health system examined in this study, with ED care coordination services available an average of 92 hours/week, including coverage during evening hours, among the MD sites during post-GBR years versus an average of 40 hours/week among the DC sites with no evening coverage. Additionally, in late 2014, HSCRC started collaborating with the state's health information exchange to establish care plans for high utilizers of hospital services with complex social needs, which was implemented in 2015 in an effort to reduce avoidable admissions in support of GBR's goals. 37, 38 Patients with a care plan are flagged in the health information exchange so that they are connected with the appropriate social services and outpatient resources during an ED encounter. These investments that improve case management support and transitions of care in the ED have likely contributed to the trends observed in our study.
To better understand the health care delivery effects of the GBR model, it will be important for future research to assess whether quality and safety have been maintained with the diversion of previously hospitalized ED patients to outpatient care. As fewer patients are hospitalized from the ED under the GBR model, it will be important to ensure that patients are still being appropriately identified as safe discharges and that ED care coordination services are routinely in place to improve transitions of care. Moreover, the incentive for EDs to hospitalize fewer patients may result in an increase in the intensity of services provided during an ED encounter as well as its length of stay to prevent admissions. This could have serious implications for ED crowding that requires close monitoring. With ED care coordination a vital resource under this model and the potential for longer ED visits with greater intensity of services, it will be important for the capacity of EDs and resources for care coordination to evolve accordingly so as to not result in ED crowding or unsafe discharges that would compromise the quality of care.
LIMITATIONS
There are several limitations to this study. The first is the small sample of hospitals. Although the use of hospital sites within the same health system helps account for factors that may influence admission decisions related to organizational culture, it is possible that other health systems or local hospitals in MD have had different trends in admission rates with exposure to the GBR model. However, findings of a similar ED admission rate decline in the study by Pimentel et al. 19 suggests that the study's findings are not unique to its health system. An important limitation of the study is the exclusion of missing data, with the descriptive characteristics of the study samples with and without missing data having significant differences (Data Supplement S1, Table E2 ). This introduces a potential for biased estimates and underestimation of the variance of results. However, the majority of the covariates with missing data had insignificant missing rates (<5% of the sample size). 39, 40 The exception to this is the primary clinical diagnosis which had a missing rate of 5.1%, which, although noteworthy, is less than the 10% missing rate benchmark that prior research has demonstrated to correlate with biased outcomes. 40, 41 Further analysis was conducted on the use of the CCS category in the risk-adjusted regression models, which demonstrated no statistically significant difference in the resulting admission rate (Data Supplement S1, Appendix A2). It is also important to take into account that the difference-in-differences statistical approach used in the study makes a "common shocks" assumption, such that any events occurring during or after a policy change (e.g., GBR) equally affect the treatment and control group. It is possible that MD and DC had different responses to the ACA's insurance coverage expansion in 2014 with health insurance exchanges and Medicaid expansion that differentially impacted trends in ED admissions. It is also possible that there were potential differences in new policy interventions in MD and DC after GBR implementation that influenced ED admission trends. This study utilizes mean values to determine admission trends, and there may be differences in the patterns of admission rates at the extremes of the distributions. Additionally, this study utilized the first reported diagnosis code to account for case mix, which is the data element most likely to represent the reason for the encounter, but there may be records in the Infomart database in which it does not accurately reflect the primary diagnosis. Similarly, the exclusion of psychiatric encounters based on the first diagnosis code could have been misclassified if the first diagnosis does not accurately reflect the primary reason for admission. Finally, the use of difference-in-differences analysis within the same health system increases the potential for spillover effects. However, the stable trend in ED admission rates among the control group and lack of a statistically significant difference in rates after GBR implementation suggests that there were no associated spillover effects.
CONCLUSIONS
The implementation of global budgeting in Maryland is associated with a significant decline in ED admissions compared to hospitals remaining under a fee-forservice structure. This decrease in hospital resource utilization may help meet the health care spending goals of the global budget revenue model, which is reported to have already reduced Medicare hospital spending by $538 million in its first 3 years.
